
LFV B decays in generic Z ′ models

Lars Hofer
IFAE Barcelona

in collaboration with

A. Crivellin, J. Matias, U. Nierste, S. Pokorski, J. Rosiek

arXiv:1504.07928

Workshop “Novel aspects of b → s transitions”

Marseille, October 2015



Motivation

◮ Tensions in

◮ B → K∗µ+µ−

◮ R(K) = Br(B → Kµ+µ−)/Br(B → Ke+e−)

◮ Bs → φµ+µ−

◮ Can be explained by new physics in the effective operator

Oµµ
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[s̄γµPLb][µ̄γµµ]
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◮ Natural NP cadidates inducing this operator at tree level:
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LFV Z′ coupling?

◮ solve B → K∗µ+µ− anomaly and RK tension

simultaneously

⇒ Z ′ couples to muons but not electrons

◮ Z ′ model violates lepton universality

⇒ natural to assume also presence of LFV Z ′τµ coupling

◮ search for LFV decays Bs → τµ, B → K(∗)τµ
[Glashow,Guadagnoli,Kane]

⇒ measurable effects possible?
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⇒ measurable effects possible?

◮ study most general framework: arbitrary couplings

Z ′sb : Γsb, Z ′µµ : Γµµ, Z ′τµ : Γτµ



Constraints on generic Z′µ+µ− coupling

[Altmannshofer,Gori,Pospelov,Yavin arXiv:1403.1269]
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fit to b → sµ+µ− data: see talk by J. Virto
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L left-handed coupling to leptons: ΓL
ℓℓ′ = ΓV

ℓℓ′ , ΓR
ℓℓ′ = 0

generated WC: Cℓℓ′

9 = −Cℓℓ′

10

fit to b → sµ+µ− data: see talk by J. Virto

3.9σ pullSM at 1σ: Cµµ
9 = −Cµµ

10 ∈ [−0.89,−0.50]
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V C
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L = C
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9 /2 ⇒ |Cµτ

9 | < 46

Br[B → K∗τµ] ≈ Br[Bs → τµ] ≈ Br[B → Kτµ] < 8× 10−5

L C
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10 | < 23

Br[B → K∗τµ] ≈ Br[Bs → τµ] ≈ Br[B → Kτµ] < 2× 10−5
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µτ (at loop-level ΓµµΓττ )

Brexp = (17.39± 0.04)%, BrSM = (17.29± 0.03)% [Pich]

◮ loop corrections to Z → ℓℓ′: Γ2
µτ , Γ2

µµ, ΓµτΓµµ

LEP: Br(µ+µ−) = (3.366± 0.007)%, Br(τ±µ∓) < 1.2× 10−5

◮ neutrino tridents νµN → νℓNµ+µ+: Γ2
µµ, Γ2

µτΓ
2
µµ

[Altmannshofer,Pospelov,Gori,Yavin]

combined bound from CHARM-II/CCFR/NuTeV:

σexp/σSM = 0.83± 0.18



Lepton couplings

——————————————————————————————-

vectorial Z ′ℓℓ′ coupling
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⇒ Large effects possible?
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Bs − Bs mixing

Bs
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Γsb

◮ contributions from left- and righthanded Z ′ couplings:

(ΓL
sb)

2 + (ΓR
sb)

2 − bBs
ΓL
sbΓ

R
sb

◮ solution of B → K∗µ+µ− anomaly requires non-zero ΓL
sb

◮ constraint from Bs −Bs mixing can be softened by same-size

coupling ΓR
sb with ΓR

sb ≪ ΓL
sb:

fine-tuning measure: XBs
=

(ΓL
sb)

2 + (ΓR
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Right-handed coupling Γ
R
sb

◮ same-size coupling ΓR
sb with ΓR

sb ≪ ΓL
sb requires same-size

C ′
9 ≪ C9

◮ global fit to b → sµ+µ− data (see talk by J. Virto)

◮ same-size C ′
9 ≪ C9 not favoured by the fit but possible at

2σ level



B → K(∗)µ+µ−

b s
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Γµµ = 1.0, Γµµ = 0.5, Γµµ = 0.3

◮ CNP
9 ∼ ΓL

sbΓµµ, C′NP
9 ∼ ΓR

sbΓµµ

◮ small Γµµ requires large ΓL
sb and because of the correlation with

Bs −Bs mixing a small same-size ΓR
sb



Bs → τµ, B → K(∗)τµ
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9
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9
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10
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10
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9
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9
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10
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◮ Bs → τµ: a = b = 0, c ≈ d

B → Kτµ: a ≈ b, c = d = 0

B → K∗τµ: a ≈ b, c ≈ d

◮ experimental bounds:

Br
(

B+ → K+τ±µ∓
)

≤ 4.8× 10−5 , Br
(

B+ → K+µ±e∓
)

≤ 9.1× 10−8 ,

Br
(

B → K∗τ±µ∓
)

≤ −− , Br
(

B → K∗µ±e∓
)

≤ 1.4× 10−6 ,

Br
(

Bs → τ±µ∓
)

≤ −− , Br
(

Bs → µ±e∓
)

≤ 1.2× 10−8



Bs → τµ and B → K(∗)τµ

Max. branching ratio of Bs → τµ, B → K∗τµ, B → Kτµ

tuning Bs mixing to XBs
= 100 (solid), XBs

= 20 (dashed)

constraints from

◮ τ → 3µ: ∝ (1 +XBs
)2/|Cµµ

9 |2

◮ τ → µνν̄: ∝ (1 +XBs
)



Bs → µe and B → K(∗)µe

◮ Stringent bound on µ → eγ:

Brexp = 1.2× 10−14 (MEG Coll.)

µ → eγ: ∝ (1 +XBs
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⇒ BRs for LFV B decays < O(10−9) (for XBs
= 100) in the

Cµµ
9 region favoured by current b → sµ+µ− data



Bs → µe and B → K(∗)µe

◮ Stringent bound on µ → eγ:

Brexp = 1.2× 10−14 (MEG Coll.)

µ → eγ: ∝ (1 +XBs
)2/|Cµµ

9 |2

⇒ BRs for LFV B decays < O(10−9) (for XBs
= 100) in the

Cµµ
9 region favoured by current b → sµ+µ− data

◮ Larger BRs possible for Cµµ
9 → 0

require ∆Br[µ → eνν̄] < 4× 10−5

restricts corrections to Fermi-constant to the sub per-mille

level

µ → eνν̄: ∝ (1 +XBs
)

⇒ BRs for LFV B decays . O(10−7) (for XBs
= 100)



Conclusions

◮ we have studied the possible size of Bs → ℓℓ′, B → K(∗)ℓℓ′ with

ℓℓ′ = τµ, µe considering

◮ two scenarios with vectorial and left-handed Z ′ℓℓ′ couplings

◮ existing constraints on Z ′ℓℓ′ couplings

◮ sizable effects require cancellations in Bs −Bs mixing implying

non-vanishing C′µµ
9,10 with C′µµ

9,10 ≪ Cµµ
9,10 (if Z ′µµ does not vanish)

◮ For τµ final states branching ratios can be up to ∼ O(10−6) for a

fine-tuning of XBs
∼ 100 in Bs −Bs mixing

◮ For µe final states branching ratios can only be up to ∼ O(10−7)
for a fine-tuning of XBs

∼ 100 in Bs −Bs mixing, and this only in

a region of parameter space disfavoured by b → s anomalies


